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EXHAUST AFTERTREATMENT DEVICE WITH FLOW DIFFUSER 

BACKGROUND AND SUMMARY OF THE INVENTION 
The invention relates to exhaust aftertreatment devices, including diesel 
5 particulate filter elements and/or catalyst elements, and more particularly to a device 
evening out the exhaust flow profile across such element. 

Exhaust aftertreatment elements typically include an extruded substrate 
or a spiral wound corrugated or pleated sheet having a plurality of flow channels 
which may be catalytically treated to provide a flow-through catalytic element and/or 
10 which may be alternately plugged at opposite axial ends of the channels to provide a 
I* wall-flow filter element. The housing for the element has an upstream inlet for 
0 receiving exhaust, and a downstream outlet for discharging the exhaust. The inlet 
g typically has a smaller diameter than the diameter of the housing and aftertreatment 

m element, and exhaust gas entering the housing at the inlet impinges directly at the 

m 

$5 center of the element, which may cause push-out damage due to concentrated high 
p velocity exhaust gas impinging on the center portion of the catalyst or filter element. 
|j The impact force generated from the exhaust flow can often be strong enough to sheer 
Sj the layers within the spiral wound media and push them out towards the downstream 
pjj end along the axial centerline. 

20 The present invention addresses and solves the above noted push-out 

problem with a flow diffuser which de-focuses centralized velocity force flow against 
the aftertreatment element from the inlet and evens out the exhaust flow profile across 
such element. In one embodiment, the invention enables more efficient space 
utilization for contaminant reduction, capture and holding, and also reduces pressure 

25 drop. In another embodiment, the invention facilitates cost and manufacturing 
advantage. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic sectional view of an exhaust aftertreatment device 
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known in the prior art. 

Fig. 2 is a schematic sectional view of another embodiment of an 
exhaust aftertreatment device known in the prior art. 

Fig. 3 is a schematic sectional view of another embodiment of an 
exhaust aftertreatment device known in the prior art. 

Fig. 4 is a schematic sectional view of an exhaust aftertreatment device 
in accordance with the present invention. 

Fig. 5 is a schematic sectional view of a tested exhaust aftertreatment 

device. 

Fig. 6 is a schematic sectional view of another tested exhaust 

q aftertreatment device. 

p 

CO Fig- 7 is a schematic sectional view of another tested exhaust 

« aftertreatment device. 

Fig- 8 is a graph showing the test results for the devices of Figs. 5-7. 

3 15 Fig. 9 is a schematic sectional view of another embodiment of an 

Q 

pj exhaust aftertreatment device in accordance with the invention. 

ni 

Cj Fig- 10 is a schematic sectional view of another embodiment of an 

£p exhaust aftertreatment device in accordance with the invention. 

Fig. 1 1 is a schematic sectional view of another embodiment of an 
20 exhaust aftertreatment device in accordance with the invention. 

Fig. 12 is a schematic sectional view of another embodiment of an 
exhaust aftertreatment device in accordance with the invention. 

Fig. 13 is a sectional view taken along line 13-13 of Fig. 12. 

Fig. 14 is a schematic sectional view of another embodiment of an 
25 exhaust aftertreatment device in accordance with the invention. 

Fig. 15 is a sectional view taken along line 15-15 of Fig. 14. 

Fig. 16 is a schematic sectional view of another embodiment of an 
exhaust aftertreatment device in accordance with the invention. 

Fig. 17 is a schematic sectional view of a portion of another 
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embodiment of an exhaust aftertreatment device in accordance with the invention. 



DETAILED DESCRIPTION 
Fig. 1 shows an exhaust aftertreatment device 20 including a housing 
5 22 extending axially along an axis 24 and having an upstream inlet 26 for receiving 
exhaust as shown at arrow 28, and having a downstream outlet 30 for discharging the 
exhaust as shown at arrow 32. Confined within the housing is an aftertreatment 
element 34, which may be a flow-through catalyst element catalytically reacting with 
the exhaust gas and/or a wall-flow filter element such as a diesel particulate filter for 
10 trapping contaminant such as soot. Such elements are typically provided by a flat 
q base layer or sheet having a corrugated or pleated sheet thereon, which sheets are 
gj wound in a spiral to provide a cylindrical element, as is known, for example U.S. 
W Patents 4,017,347, 4,652,286, 5,322,537, 5,908,480, incorporated herein by 
Uj reference. Inlet 26 has a smaller diameter than outer housing sidewall 36. Exhaust 

, 15 gas from inlet 26 directly impinges the upstream axial end 38 of element 34 at the 

O 

nj central area 40 thereof Flow recirculation occurs as shown at arrows 42 near the 
y inlet 26, and also near the outlet 30, due to sudden expansion and sudden contraction. 
Q The impact force generated from the exhaust flow against central area 40 can often be 
strong enough to sheer the layers within the spiral wound media of element 34 and 
20 push them out from the center, i.e. rightwardly in Fig. 1 . A more even distribution of 
the flow pattern is desired in entrance chamber 44 of the housing. 

Fig. 2 uses like reference numerals from above where appropriate to 
facilitate understanding. As illustrated in Fig. 2, it is known in the prior art to provide 
a more even distribution of exhaust gas flow in entrance chamber 44 by providing 
25 tapered walls 46. This provides a transition duct expanding to larger cross-sectional 
areas as the tapered wall 46 extends from inlet 26 toward aftertreatment element 34. 

Fig. 3 uses like reference numerals from above where appropriate to 
facilitate understanding. It is also known in the prior art to use an inlet tube 48 which 
is perforated as shown at 50 to provide improved flow distribution. 
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Fig. 4 uses like reference numerals above where appropriate to 
facilitate understanding. In one embodiment of the present invention, a diffuser is 
provided by a tapered wall 60 extending from inlet 26 toward aftertreatment element 
34 at a reduced angle relative to axis 24 found to provide enhanced performance, to 
5 be described. In the preferred embodiment, angle 62 is less than about 25°, and 
preferably about 20°. It has been found that not all tapering as at 46, Fig. 2, provides 
improved flow distribution. 

Figs. 5-7 use like reference numerals from above where appropriate to 
facilitate understanding. Fig. 5 illustrates a tested device 64 comparable to that 
1 0 shown in Fig. 1 . Fig. 6 illustrates a tested device 66 comparable to that shown in Fig. 

q 2. Fig. 7 illustrates a tested device 68 providing improved performance in accordance 
with the invention. For uniformity of comparison, the following are the noted 

J! dimensions in Figs. 5-7: axial dimension 70 is three inches; axial dimension 72 is 

111 eight inches; lateral dimension 74 is five inches; lateral dimension 76 is ten inches. 

JL5 Fig. 8 graphically illustrates the test results. The abscissa along the horizontal x-axis 

pj is the normalized lateral distance from the center of the element. For example, the 
normalized distance 1.0 is at the laterally outward edge at 78 of element 34 

CI approximately four and five-eighths inches from the center of the element at 80. The 
ordinate along the vertical y-axis is normalized velocity, wherein the normalized 

20 velocity 1.0 is 2,300 feet per minute. The graph the plots flow velocity versus lateral 
distance from the center of the element. Curve 64a represents the data for device 64 
of Fig. 5. Curve 66a represents the data for device 66 of Fig. 6. Curve 68a represents 
the data for device 68 of Fig. 7. In Fig. 6, the taper angle 82 of tapered wall 84 
relative to axis 24 is 30°. In Fig. 7, the taper angle 86 of tapered wall 88 relative to 

25 axis 24 is 20°. As shown in Fig. 8, the greatest variation in velocity of exhaust gas 
flow is provided by device 66, wherein the velocity drops to 0.2 at the maximum 
laterally outward distance 1.0. The velocity thus decreases from its maximum of 1.0 
at the center 80 of the element to a minimum of 0.2 at laterally outward portion 78. 
For device 64, as shown at curve 64a, the velocity at outer edge 78 is 0.4, a difference 



of 0.6 from its maximum velocity of 1.0 at center 80. For device 68, as shown at 
curve 68a, the velocity at outer edge 78 is 0.6, a difference of 0.4 from its maximum 
velocity of 1.0 at center 80. The flattest curve in Fig. 8 and the one which provides 
the least variation in velocity is curve 68a, i.e. the smallest velocity differential from 
5 the center of the element 80 to the outer edge 78 is 0.4 as provided by curve 68a. The 
flatter the curve, the more uniform the flow distribution laterally across element 34. It 
is noted that tapered wall 84 at 30°, angle 82 in Fig. 6, actually provides worse flow 
distribution than device 64, which is the opposite of what would be expected. 

In the preferred embodiment of device 68 in Fig. 7, tapered wall 88 
lJ-0 provides a diffuser in housing 22 at inlet 26 de-focusing centralized velocity force 
;4_ flow against element 34 from inlet 26, as illustrated by curve 68a in Fig. 8. In Fig. 7, 

© housing 22 has an axially extending outer wall 90 confining element 34 therein. 

Pi 

tfl Tapered wall 88 extends from inlet 26 towards aftertreatment element 34 and defines 

in 

^ a transition duct expanding to larger cross-sectional areas as tapered wall 88 extends 
|J5 from inlet 26 towards element 34. Tapered wall 88 has a downstream end 92 spaced 
|j laterally inwardly from outer wall 90 and spaced axially upstream from element 34 by 
N an axial gap 94 therebetween. A projection line, as shown as dashed line 96 drawn 
Ij along tapered wall 88 and extended therebeyond intersects outer wall 90 at element 
34 as shown at 98. Projection line 96 and tapered wall 88 extend at a 20° angle 86 
20 relative to axis 24. It is preferred that angle 86 be no greater than about 25°. At a 25° 
angle 86, projection line 96 would intersect outer wall 90 at the upstream outer edge 
100 of element 34. The ratio of the length of axial gap 94 to the length of the lateral 
spacing 102 between outer wall 90 and downstream end 92 of tapered wall 88 is 
about 1 .5, and preferably less than 2. 
25 A drawback of the small taper or cone angle 62 of Fig. 4 is the 

extended axial length required to accommodate same. For exhaust systems where 
such extra space is not available, the structure of device 68 of Fig. 7 offers one 
solution. 

Fig. 9 uses like reference numerals from above to facilitate 
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understanding. Device 110 in Fig. 9 provides another solution to the noted problem 
where the small taper angle 62 of Fig. 4 is desired, but there is not enough axial 
extension room in the exhaust system to accommodate same. In Fig. 9, a diffuser is 
provided by a tapered wall 112 extending from inlet 26 towards element 34 and 
5 defining a transition duct expanding to larger cross-sectional areas as tapered wall 
1 12 extends from inlet 26 towards element 34. Wall 1 12 tapers at a compound angle 
defined by a first section 114 extending from inlet 26 at a first angle 116 relative to 
axis 24, and a second section 118 extending from section 114 at a second angle 120 
relative to axis 24. Angle 120 is greater than angle 116. In the preferred 
10 embodiment, angle 116 is less than about 25°, and angle 120 may be greater than 30°. 
P Fig. 10 uses like reference numerals from above where appropriate to 

2 facilitate understanding. Fig. 10 shows a device 130 having a diffuser 132 which may 
"J be used in addition to or in place of the above described diffusers. Diffuser 132 
111 includes a central axially extending cylindrical tube 134 having a plurality of vanes 
s l 5 136 extending radially outwardly from tube 134 and curved to impart a non-axial 
pj flow direction component to the exhaust flow as shown at arrow 138. A first portion 
5$ 140 of the exhaust flows from inlet 26 within tube 134, and a second portion 142 of 
j| the exhaust flows from inlet 26 along vanes 136 and is directed by the curving of the 
vanes along the non-axial flow component direction 138. Second portion 142 of the 
20 exhaust flow is an annulus concentrically surrounding first portion 140 of the exhaust 
flow. First portion 140 of the exhaust flows from inlet 26 axially through tube 134 to 
aftertreatment element 34. Tube 134 is preferably perforated at downstream axial end 
144, and may also be perforated along its cylindrical sidewall. 

Fig. 11 uses like reference numerals from above where appropriate to 
25 facilitate understanding. Device 150 in Fig. 1 1 includes a diffuser 1 52 which may be 
used in addition to or in place of the above noted diffusers. Diffuser 152 is a 
conically shaped perforated tube 154 at inlet 26 and has a tapered sidewall 156 with 
uniform porosity as shown at perforations 158. The conically shaped tube converges 
at an apex 160 pointing axially downstream toward aftertreatment element 34. 



-6- 



Because the diameter of tube 154 decreases along the axial flow direction, it forces 
the exhaust gas to pass through the perforations, and the resulting flow through the 
perforations is more uniform. 

Fig. 12 uses like reference numerals from above where appropriate to 
5 facilitate understanding. Device 170 in Fig. 12 includes a diffuser 172 which may be 
used in addition to or in place of the above noted diffusers. Diffuser 172 is a 
perforated plate 174 having varied perforation porosity, Fig. 13. Housing 22 has the 
noted chamber 44 between inlet 26 and aftertreatment element 34. Plate 174 extends 
laterally across chamber 44 and has a first central area 176 and a second surrounding 
JO area 178. Second area 178 has a higher perforation porosity than first area 176. For 
g. example, second surrounding area 178 has larger perforated holes 180 than the 
p perforated holes 182 of central area 176. This varied or differential perforation 
# porosity de-focuses the centralized velocity force flow against aftertreatment element 
=p 34 from inlet 26, and instead provides a more distributed and even flow pattern. 
g|5 Perforation porosity may also or alternatively be varied by spacing, patterns, and 
U density of the noted perforations, in addition to the noted different sizes of 
y perforations. 

W Fig- 14 uses like reference numerals from above where appropriate to 

facilitate understanding. Device 190 in Fig. 14 has a diffuser 192 which may be used 

20 in addition to or in place of the above noted diffusers. Diffuser 192 is a crowned 
perforated plate 194 between inlet 26 and aftertreatment element 34. Housing 22 has 
the noted chamber 44 between inlet 26 and element 34. Plate 194 extends laterally 
across chamber 44 and is crowned convexly toward inlet 26, i.e. leftwardly in Fig. 14. 
In one form, plate 194 has uniform perforation porosity, Fig. 15, though in other 

25 embodiments may have varied perforation porosity. 

Fig. 16 uses like reference numerals from above where appropriate to 
facilitate understanding. Device 200 in Fig. 16 has a housing 22 with a wall 36 
defining the noted chamber 44 between inlet 26 and aftertreatment element 34. A 
diffuser 202 is provided in chamber 44 and spaced laterally inwardly from housing 
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wall 36. Diffuser 202 extends from inlet 26 toward element 34. A support flange 204 
in chamber 44 is axially spaced between inlet 26 and element 34 and extends laterally 
inwardly from housing wall 36 to diffuser 202 to support the latter. Diffuser 202 is a 
tapered wall 206 spaced laterally inwardly of housing wall 36 and extending from 
inlet 26 towards element 34 and defining a transition duct expanding to larger cross- 
sectional areas as tapered wall 206 extends from inlet 26 toward element 34. Diffuser 
202 extends from inlet 26 to an inner diffuser end 208 axially spaced from upstream 
axial end 38 of element 34, and laterally spaced inwardly from housing wall 36. 
Support flange 204 extends laterally inwardly from housing wall 36 to inner diffuser 
end 208 to support the latter. This provides additional support for diffuser 202, such 
that the latter is not mounted solely as a cantilever. 

In further embodiments, wall 60 and/or wall 88 and/or wall 1 12 and/or 
wall 206 can taper at a multi-compound angle and/or in a continuous diverging curve, 
for example as shown at 210, Fig. 17, to provide the respective diffuser as a 
hyperbolic tube to re-direct the exhaust flow along flow directions including non- 
axial components. 

It is recognized that various equivalents, alternatives and modifications 
are possible within the scope of the appended claims. 



